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Sealing farm dams
By I. A. F. Laing and
R. G. Pepper,
Soils Division

Research over the past 10 years has shown that it is technically possible to seal many leaking farm dams. In some
situations a cheap chemical treatment is effective but in
most cases it is cheaper to construct a replacement dam.
This article reviews the situation in western Australia and
outlines some of the methods used for sealing dams.

North eastern wheatbelt includes
• North Kalannie
•Beacon-Bonnie Rock
•Westonia
•Montadgin-Mt Hampton

Dam leakage is not a major cause
of farm dam* failure in Western
Australia but is a problem in some
districts where it can lim't stock
carrying capacity.
Water supply surveys done since
1965 have shown that about 5 per
cent of dams leak in most districts,
but there are districts where the
percentage is higher. Leaking dams
are especially common in the West
Midlands, the north-eastern wheatbelt and the "jarrah belt"—from
Bindoon through Manjimup to Mt
Barker. It is estimated that about
4000 of Western Australia's 75 000
dams leak.
At present costs, the replacement
value of these leaking dams is about
$2 million.
Table 1 shows that some districts
have a severe dam failure problem,
and implies that in these districts
some
individual
farmers
are
seriously affected.
Problem soils

There are three common types of
leakage from dams in W.A.:—
• Where leakage occurs uniformly
through soil around the excavation. This usually occurs in
dams constructed just below
gravel hills or breakaways.
• Where quartz-rich zones intercept the excavation. These
zones are left from quartz
veins in the parent rock,
usually in soils formed on
granite and gneiss.
• Where leakage occurs through
zones of more permeable soil.
These zones are seen as sink
holes in the empty excavation
and may be present as a few
large holes, or as many small
holes scattered over the floor
of the excavation. They occur
mostly on north-eastern and
Map showing districts where the percentage of leaking farm dams is greater
than average.

* The term "farm dam" as used in this article
refers to excavated earth tanks which fill with
surface runoff, and most of the water, if not
all, is stored below original ground level in
the excavation.
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eastern wheatbelt sites where
salmon gum and gimlet grew
previously.
Leaking dams in the Badgingarra
district and "jarrah belt" are typical
of the first two classes of dam leakage. Most are in higher parts of the
landscape with their excavations
constructed in the mottled zone of
the laterite soil profile (soils below
gravel hills or breakaways). Such
soils are yellow brown and orange
brown mottled sandy clay to sandy
clay loams, and excavations in them
tend to leak at a uniform rate.
The clay content of these soils
ranges from 20 to 40 per cent, and
the coarse sand content is generally
about twice that of the fine sand
content. There is a relatively small
proportion of particles in the middle
size range, from silt to fine sand,
indicating a particle size distribution
which is "gap-graded". The lack of
middle size "sealing" particles allows
the dams to leak through pores or
spaces between the coarse sand
particles.
Leaking dams in the north-eastern and eastern wheatbelt—North
Kalannie, Beacon-Bonnie Rock, and
Narembeen—are often typical of the
third type of leakage through sink
holes that can be seen once the dam
is empty. After rapid filling, water
loss is usually slow but the rate of
loss increases rapidly. This phenomenon of increasing loss rate has also
been demonstrated in test holes in
similar soils at Wongan Hills, Pithara and Wubin. The surface soil at
these sites is a brown, tough, sandy
clay and extends about 3 metres
deep. This soil is an excellent
material for dam construction. The
problem soil below about 3 m is
a white to off-white sandy clay to
sandy clay loam. It generally contains coarse grit and is of low
plasticity. This soil has a unique
"slippery"
or
"talcy"
feeling
although no talc is present.
There are no obvious zones of
weakness or likely sink holes in
newly constructed dams in these
soils. However, inspection of these
dams soon after emptying has shown
that the clay in the sink holes has
poor strength when wet and there
is a marked absence of coarse soil
particles. The sink holes tend to be
vertical and extend for more than
2 m below the excavated surface.

T a b l e I.—Percentage of leaking f a r m
dams in various districts.

District

Percentage
leaking dams*

Badgebup
Badgingarra
Beacon-Bonnie Rock
Bindi-Bindi
Broomehill
Corrigin-Bullaring
East Beverley
East York
Holt Rock-Lake Varley ....
Muntagdin-Mt. Hampton
N o r t h Kalannie
N o r t h Wickepin
Pingaring
W e s t Bowgada
West Goomalling
Westonia

3
57
15
7
2
5
3
5
2
7
42
5
2
2
15
13

factors which cause the water level
to fall are seepage-out, evaporation
and water use. Evaporation can
cause a large loss of water from
farm dams, especially during hot
and/or windy conditions.
If measurement is made during a
rain-free period, and if water use
can be avoided by excluding stock,
it can be assumed that losses are
caused by seepage-out plus evaporation.
Lack of runoff may be the cause
of the dam's failure to fill, rather
than leakage.
Economics of dam sealing

* Data collected by personal interview.

Measuring dam leakage
Measuring the leakage rate of a dam
helps define the position of the leak.
If the water level drops steadily
until the dam is dry it can be
assumed that the leak is at the bottom of the dam, or that the entire
excavation is uniformly porous.
Alternatively, if the rate of water
loss slows at a particular level it
can be assumed that the leak is
above that level in the excavation.
All factors likely to affect the rise
or fall of water level should be
accounted for when measuring the
rate of leakage. The factors which
may cause the water level to rise
include seepage-in, runoff, and rainfall on the water surface, and the

Preventing leakage in large dams is
cheaper per cubic metre of water
stored than for small dams because,
as capacity increases, the wetted
surface or surface requiring sealing
increases at a decreasing rate (see
column 4, Table 2). However,
the cost of an alternative water
supply should be considered before
sealing a leaking dam.
The alternatives to sealing a leaking dam are either a replacement
dam on another site, an underground water supply, or water
carting from another source. A
satisfactory site for a replacement
dam can be found on most farms,
and it is frequently cheaper to make
a new dam than to seal a leaking
one. If the sealing cost is above
that shown in column 5 of Table 2,
then it is cheaper to make a new
dam.
Where there is no satisfactory site
for a replacement dam, the alterna-

T a b l e 2.—Variation of w e t t e d surface (surface requiring sealing) w i t h increasing
d a m capacity.

1

2

3

4

5

Dam
capacity
m»

Depth of
dam
m

Wetted
surface
m2

W e t t e d surface per
cubic capacity
m'/m5

•Maximum sealing cost
per square metre
cents/m 2

0-74
0-58
0-52
0-46
0-43

54
69
77
87
93

1 000
2 000
3 000
4 000
5 000

....
....
....
....
....

3
4
4
5
5

736
1 164
1 551
1 843
2 159

* This is the sealing treatment cost (cents/m') above which a replacement dam is cheaper
than sealing an existing dam. These costs, in cents/m 2 = total costjrf replacement dam
wetted surface area
(The excavation cost of a replacement dam was calculated at 40 cents/m 3 .)
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tives of an underground water
supply or water carting from another
source may justify greater expenditure than the costs calculated in
column 5 of Table 2.
For sealing to be successful on
most W.A. farm dams, the treatment must—
1. Have an effective life of many
years.
2. Have a maximum tolerable seepage loss of 2 mm per day.
3. Apply to 1:3 slopes.
4. Have good resistance to solar
radiation, high summer temperatures (above 37°C), and
occasional hieh winds (over
70km/h).
5. Include materials which can be
repaired in the field.
6. Be unaffected by widely fluctuating seasonal water levels.
Other characteristics needing consideration are stability of the treated
layer, ease of installation of the
sealing material, and the ease of
maintenance.
Materials and methods for dam
sealing
Several techniques for dam sealing
have been investigated in W.A., and
the following account is based
largely on that experience.
Reinforced bituminous sheeting
Prefabricated reinforced bituminous
sheeting is available as a waterproof lining material. It consists of a
sheet of thin plastic and glass fibre
mat laminated between two layers of
bitumen. The sheeting is relatively
heavy and adjacent sheets need to
be placed in the excavation and
heat welded together. Such liners
can be left exposed without a protective covering.
Two dams, at Badgingarra and
Forrestania, have been lined with
reinforced bituminous sheeting and
have held water successfully for
seven years. The lining material has
now lost soms of its original flexibility and is inclined to be brittle,
but this is of little consequence
where the liner is on a firm foundation.
For a liner to be effective, the
soil foundation must be firm. Sharp
objects should be removed and the
soil should be rolled to a smooth
54

T a b l e 3.—Estimated c o m p a r a t i v e costs of d a m sealing techniques.

Sealing materials

Prefabricated, reinforced bitumen
In-situ bitumen and fibre glass
Polythene (0-2 mm)
Reinforced butyl (0-45 mm)
...
Reinforced concrete (100 mm)....
STPP (added t o soil, 0 1 % )
....
STPP (dissolved in water, 0-4 g / l )
Bentonite blanket
Blanket of local clay

finish. It is generally difficult to
make a liner on batter slopes greater
than 1:3. The top edge of the liner
must be buried in a shallow trench.
Across the inlet of the dam the
trench should be at least 0.3 m deep
and the backfill soil should be well
compacted.
The manufacturer recommends
application of a bitumen-based
aluminium paint to these liners to
reduce the oxidation rate of the bitumen surface and to lengthen effective
life by reflecting heat away from the
surface. With these precautions a
correctly installed liner should last
15 years. This life could be increased still further by applying a
covering layer of 0.1 m of soil but
the additional cost would be quite
substantial.
An advantage of the reinforced
bituminous material, compared with
other lining materials, is that no safe
entry chute is needed to carry runoff
from the catchment into the dam.
The liner itself is sufficiently strong
to resist the action of running water.
However dams lined with this
sheeting must be fenced to prevent
entry of stock. An additional cost is
thus involved to reticulate water
from the dam to stock drinking
troughs.
Reinforced bituminous sheeting
has proved a very practical sealing
material. It can be readily inspected
for holes and readilv patched if
weak points are found.
Sprayed bitumen
Bitumen without any reinforcing
has little strength. However, bitumen with fibre glass matting or
chopDed strands, asbestos strands
or with crushed rock or coarse sand

Cost of
naterials
$/m*

Estimated total
treatment cost
$/m 2

2-20
110
0-60
2-20
400
015
0-37
2-10
0-33

4-20
3-50
2-20
3-70
700
0-85
0-60
4-20
2-20

can be used for sealing leaking
dams.
In the United States, several
dams treated with bitumen and fibre
glass matting have successfully held
water for many years. Regular
maintenance is necessary because
there is a tendency for the bitumen to migrate through the fibre
glass mat. Regular respraying with
bitumen emulsion can prolong the
liner's life. This method of lining
has not been used in W.A. but there
is no reason why it should not be
successful.
A combination of bitumen emulsion and appropriate matting could
be used by farmers and any farmers
interested can obtain details of the
application techniques from the
authors. Some oil companies also
offer advice on the use of bitumen
for sealing soils in dams.
Polythene
Polythene sheeting is well suited for
use as a dam liner and was tested
by the Department of Agriculture at
Badgingarra in 1971. That particular liner had a very short useful
life and is now badly holed. This
damage was a result of the site
rather than an inadequacy of the
polythene sheeting itself.
Because black polythene has better resistance to the effects of ultraviolet light than either clear or
coloured polythene, it is the most
suited for lining dams. Even so,
black polythene requires a covering
layer of soil to prevent early breakdown of exposed parts of the liner.
For dam lining purposes polythene sheeting should be not less
than 0.2 mm thick and it may be
preferable to use 0.25 mm or 0.3
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mm thick sheeting where it is impossible to guarantee a foundation
free of sharp projections. For most
leaking farm dams in W.A., this
will require carting clean sand onto
the site, and laying and compacting
the sand as a 75 mm blanket over
the floor and batters of the dam.
To avoid any chance of tension
on the liner it must be 10 per cent
longer and wider than the longest
measurements across the surface to
be covered. The liner should also be
laid with regular folds to distribute
the slack across the whole surface
as any tension in the polythene will
markedly reduce its useful life as a
liner.
Considerable care is also needed
when selecting and placing the soil
layer covering the polythene. This
layer not only protects the liner
from the effects of ultra violet radiation but also protects it against
mechanical and wind damage.
Ideally the soil should be sieved and
be free of sharp sticks and stones,
and to be fully effective should be
at least 15 cm thick around the top
water mark where the possibility of
mechanical damage is greatest.
The most suitable covering soil
will usually be a sandy loam rather
than a sand because of the sandy
loam's greater resistance to mechanical and wave action. Also, the batter
slopes of a polythene-lined dam
should not be greater than 1:4
because of the instability of the
covering layer on steeper slopes.
Polythene sheeting is generally
unsuitable as a dam liner on W.A.
farms, because existing batter slopes
are usually 1:3 (or even steeper);
suitable foundation soil must be
carted to the site, placed and compacted; a suitable covering layer of
Above: A hillside dam at Badgingarra
treated with sodium tripolyphosphate.
N o t e the severe rilling of the treated
layer on the batters. Also, note the
safe water entry chute made from prefabricated bituminous sheeting.
Centre: Installation of a black polythene liner in a hillside dam. The
amount of folding indicates the absence
of tension in the liner. The next step in
the installation was to cover the liner
with a 10 cm depth of clean loamy sand.
Below: Mixing sodium tri-polyphosphate into the surface soil of a dam at
Badgingarra, using a tractor-mounted
rotary hoe.
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sieved soil is necessary; and careful
construction of a safe water inlet
chute is essential to prevent erosion
of the protective soil covering.
The foundation and covering
materials are an especially costly
item unless a source of suitable soil
is available on the property and
within one kilometre. For most farm
dams it will also only be possible
to place the covering layer of soil by
hand, which will be a costly operation.
The sheeting is, however, well
suited as a lining material in sandy
soils, and has been used for lining
storage reservoirs filled by pumping
from bores on the Perth coastal
plain.
Polythene-lined dams generally
require fencing to prevent stock
damaging the liner. An additional
cost may therefore be involved in
reticulating water from the lined
dam to stock drinking troughs.
Reinforced butyl sheeting
Reinforced butyl, a synthetic rubber
with nylon reinforcing, has been
widely tested for lining stock water
dams and chemical effluent ponds.
Stock water dams treated with this
material in the United States have
had an effective life of eight to ten
years. After this time exposure to
radiation causes loss of flexibility
and strength. Tearing may also
result from wind damage or wildlife
damage.
Radiation effects in the W A .
cereal and sheep districts are also
likely to reduce the effective life for
exposed
reinforced
butyl
and
although self-adhesive butyl patches
are available the patches tend to
lift off after prolonged exposure.
Butyl sheeting with no reinforcing is an inferior materal for dam
lining purposes.
Sodium tripoly phosphate (STPP)
Many leaking dams are constructed
in soils which, although they contain a reasonable amount of clay,
still allow a high rate of water loss
through their batters and floors. This
occurs because the clay particles do
not readily disperse and so are not
easily carried in seepage water to
block pores in the soil.
The
addition of a dispersing agent to
such soils allows some dispersion of
56

clay particles in the soil bounding
the excavation. Blocking or partial
blocking of soil pores occurs thus
reducing the seepage rate.
Sodium tripolyphosphate has
been used as a dispersing agent for
sealing dams in W.A. and other
parts of the world. At Badgingarra
the mottled zone soil beneath the
gravel horizon characteristically has
a low dispersion potential but treatment with STPP increases clay dispersion and reduces seepage losses
in dams.
Other chemical dispersing agents
such as sodium carbonate and
sodium chloride may be cheaper
than STPP but are probably less
effective because they are more
rapidly leached from the soil.
Undesirable side effects of the
addition of STPP are decreased soil
strength and increased soil credibility. It is advisable to add just
enough STPP to cause moderate
dispersion, but insufficient to cause
complete dispersion. A very high
rate of STPP can cause a dam to
fail by forming "blow-outs" or "sink
holes", especially in soils with zones
of low clay content and high gravel
or sand content.
STPP can be added to the dry
surface of the dam after all stored
water has seeped away. Suitable
application rates are determined after
laboratory testing of representative
soils from the dam, and the dry
chemical is then spread evenly over
the dam surface and mixed into the
top 0.1 m with a rotary hoe. The
treated soil layer is moistened after
mixing and then compacted to
reduce initial water movement
through the soil.
A safe entry chute must be constructed to prevent erosion of the
freated soil layer by water running
in from the catchment.
A much easier and cheaper
method of applying STPP to dams
is to dissolve the chemical in the
dam water. This technique has been
used at Badgingarra with two dams
which have now held water successfully for two seasons. Localised high
concentrations of STPP in the water
must be avoided, and to overcome
this. STPP should be added as a
solution and thoroughly mixed with
water. No soil compaction is needed.

Bentonite
Seepage "pores" in dams especially
in sandy and gravelly soils, can also
be blocked with bentonite, which is
a naturally occurring clay material
found only in a few parts of the
agricultural areas of W.A.
Bentonite is a clay which expands
on wetting, making it potentially
suited to dam sealing although it is
unlikely to provide a practical solution for seepage reduction from
farm dams in Western Australia.
This is because thorough incorporation of bentonite into a clayey soil
is virtually impossible. Most W.A.
dam soils contain some porous clay
aggregates which may be unaffected
by adding bentonite.
The technique recommended for
sealing clayey soils with bentonite
is termed a pure-blanket technique
(as opposed to the mixed-blanket
technique recommended for sandy
and gravelly soils). It consists of
placing a pure layer of bentonite all
over the surface of the excavation
and covering it with a protective
layer of soil. This technique requires
more bentonite than the mixedblanket and will only be effective
while the pure bentonite layer
remains intact.
Difficulties in maintaining a pureblanket layer of bentonite in most
farm dams include erosion caused
by the steep batters and repeated
wetting and drying of the bentonite
layer leading to aggregation of the
bentonite.
A safe water entry chute is needed
to avoid erosion of the treated layer
by water entering from the catchment.
Clay blanket
Applying a clay blanket over the
floor and batters of a leaking dam
is usually successful if a good plastic
clay is used as a layer at least 0.3 m
thick. It should be thoroughly compacted while moist. To ensure
good adhesion of the clay blanket
to the foundation soil, the original
surface of the floor and batters of
the dam should be scarified or ripped before laying the clay blanket.
The best machines for laying the
blanket are rubber tyred scrapers
or scoops. These lay soil in a relatively thin blanket and give good
compaction by running over previously placed soil. It is emphasised
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that the clay blanket must be moist
before compaction is applied.
A safe entry chute should be
constructed to protect the clay
blanket against erosion where water
enters the dam.
Concrete
Reinforced concrete has been used
by engineers for many years for
sealing small dams. It is a very
strong lining material and should
have a long life if correctly constructed. To have adequate strength
the concrete should be 10 cm thick,
with caulked expansion joints built
in during construction to avoid the
possibility of irregular cracking.
Because of its high cost, reinforced
concrete is seldom likely to be used
for sealing farm dams.
Compaction
New farm dams often leak in the
first year but improve in subsequent
years following compaction caused
by stock trampling. The soil pores
become blocked as clay particles
are carried through the soil by
seeping water.
The most practical way of compacting the batters of a dam is to
herd sheep into it and keep them
moving. The soil has to be moist
to respond to compaction, and is
moist enough if it can be squeezed
out between the thumb and forefinger to form a flat ribbon 5 cm
long.
Proprietary chemicals
Several proprietary chemicals are
available and are stated by the

A dam at Forrestania lined with prefabricated bituminous sheeting. Note
the improved dam catchment in the top
left of the photo.

manufacturers to reduce seepage
rates through soils. They include
SSI3, Soil Sealer 13 or Terra-seal
13; AM9; Roadpacker; and possibly others. In some cases compaction is also recommended.
To our knowledge none of these
materials has been subjected to
scientifically conducted experimental
field trials in Western Australia.
Further, as we do not know the
exact nature of the chemical or the
ingredients of these products it is not
possible to assess their usefulness for
sealing farm dams in agricultural
areas.
The estimated seepage rate reduction expressed as a percentage only,
and attributed to a treatment should
be viewed with caution.
In a sandy soil, the seepage rate
after treatment may only be 10 per
cent, of the initial seepage rate, but
may still be much greater than 2 mm
per day, which is the maximum
tolerable seepage rate from W.A.
farm dams.

Comparative costs of sealing
farm dams

Because costs of materials and
labour are continually changing it
is difficult to provide comparative
costs of different methods of sealing
dams. The costs in Table 3 were
determined using February 1976
market prices for materials and
labour. The prices are Perth prices
and no allowance has been made
for cartage costs. Some firms do
offer an installation service for their
sealing materials and in general their
quotations would exceed the estimated costs given in Table 3.

Gravel and sandy seams
Occasionally excessive seepage from
dams can be traced to obvious zones
of weaknesses such as gravel or
sandy seams. When these occur,
the porous soil can be replaced with
a clay material to seal the dam.
The porous soil should be
benched out to at least 0.3 m depth,
into good holding soil on all sides.
This should then be back-filled with
a mixture of one third bentonite to
two-thirds coarse sand, or with a
good plastic local clay, and the
moistened fill compacted.

Conclusions
• In most instances it is cheaper
to construct a new dam than to seal
an existing dam.
• For some soil types, sodium
tripolyphosphate may be used to
seal leaking dams. These are the
mottled soils which are found
beneath the gravel surfaces in the
Jarrah belt and the Badgingarra
district. For average-sized farm
dams, the cost of treatment will be
slightly less than the cost of a new
dam, but this depends on the
method of application. The effective life of the S.T.P.P. treatment is
not known.
• For average-sized farm dams,
all other sealing techniques are
likely to cost at least three times as
much as a replacement dam of the
same size.
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